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I 
[NTEODUCTION 

With t h e  pass ing  of t h e  Pennsylvania  C lean  Streams Law a t e c h n i c a l l y  sound and 
kconomically f e a s i b l e  process  f o r  t h e  t rea tment  of a c i d  mine dra inage  (AMD) i s  d e a i r e d .  
l a t e r  s t a n d a r d s ,  set down by t h e  Pennsylvania  S a n i t a r y  Water Board, p r o h i b i t  t h e  d i s -  
Lharge of mine water  t h a t  has  an  i r o n  c o n c e n t r a t i o n  i n  excess of seven p a r t s  p e r  m i l -  
l ion.  The pH of  t h e  mine water  d i scharge  must be w i t h i n  a range of  6.0 t o  9.0. 
Etandards w i l l  r e q u i r e  a t  l e a e t  80 percent  of t h e  mine d i s c h a r g e s  w i t h i n  t h e  Conrmon- 
f e a l t h  t o  r e s o r t  t o  an a c i d  mine dra inage  t r e a t m e n t  process .  . 

These 

I n  an e f f o r t  t o  a l l e v i a t e  t h e  problem of  a c i d  mine d r a i n a g e ,  t h e  g e n e r a l  assembly 

a ed $100,000 f o r  the  payment of  c o s t  and expenses  i n c u r r e d  i n  deve loping ,  c o n s t r u c t -  
ng,  s t a f f i n g  and o p e r a t i n g  a mobile  p i l o t  p l a n t  f o r  t h e  t r e a t m e n t  of t h i s  vexing 

t h e  C m o n w e a l t h  of Pennsylvania  l e g i s l a t e d  Act 4% i n  June, 1964. T h i s  act a l l o -  t- G l l u t a n t .  T h i s  a p p r o p r i a t i o n  was a l l o c a t e d  t o  t h e  Coal Research Board of  t h e  Comnon- ' 

a l t h ' s  Department of Mines and Mineral  I n d u s t r i e s ,  who awarded Dorr -Ol iver ,  i n  Octo- 
r ,  1964, a r e s e a r c h  g r a n t  t o  d e s i g n ,  f a b r i c a t e  and o p e r a t e  a mobile  demonstrat ion 
a n t  f o r  t h e  t rea tment  of a c i d  mine water .  The o b j e c t i v e s  of t h e  Dorr-Oliver  program 

r e  t o  perform u n i t  o p e r a t i o n s  i n  a mobile  p i l o t  p l a n t  a t  v a r i o u s  mine s i t e s  throughout 
he Commonwealth and o b t a i n  des ign  and economic d a t a  t h a t  can b e  used t o  e v a l u a t e  t h e  
r o c e s s  under examination. 
$ 

A four  phase r e s e a r c h  and development program was planned t o  c a r r y  o u t  t h e  objec-  
e s  of t h e  p r o j e c t .  

Phase I - F e a s i b i l i t y  Study and S i t e  S e l e c t i o n .  

Phase I1 - P i l o t  P l a n t  Design and F a b r i c a t i o n .  ' 

\ Phase 111 - Operat ion.  

Phase IV - Process  Evalua t ion .  

r e n t l y  i n  Phase 111 - Opera t ion  and t o  d a t e  s i x  mine s i t e s  have 

'IMENT PROCESS 

t h e  t rea tment  of t h e  a c i d  mine dra inage  is t h e  lime-neu- 
ng process .  B a s i c a l l y  t h i n  i s  a f o u r  s t e p  p r o c e s s  and 

This  e n t a i l s  t h e  conversion of 

a)  

b) 

s u l f u r i c  a c i d  t o  calcium s u l f a t e  
Ca(OH)2 + H2SO4--+ Cas04 + 2H20 
f e r r o u s  s u l f a t e  t o  f e r r o u s  hydroxide and c a l c i m  s u l f a t e  
Ca(OH)2 + FeS04 ---j Fe(OH)2 + Cas04 

green  ppt .  I 
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Step  2 .  Aera t ion  (ox ida t ion )  

The ox ida t ion  of f e r r o u s  hydroxide t o  f e r r i c  hydroxide 
C 2  + 4Fe(OH)2 + 2H2@--j 4Fe(OH)3 

S tep  3. C l a r i f i c a t i o n  - Thickening 

S tep  4. Dewatering 

The flow shee t  of t h e  p rocess  i s  p re sen ted  i n  F igu re  1. Acid mine drainage 
is brought i n t o  t h e  p i l o t  p l a n t  by t h e  means of a se l f -pr iming  c e n t r i f u g a l  
pump and is pumped through a flow meter i n t o  a f l a s h  mixer where hydrated l ime 
i s  added from a screw feede r  t o  n e u t r a l i z e  t h e  mine water. By means of g r a v i -  
t y  the  n e u t r a l i z e d  mine water and suspended s o l i d s ,  c o n s i s t i n g  pr imar i ly  o f  ' 
f e r rous  hydroxide and gypsum, f low i n t o  an a e r a t o r .  A i r  i s  brought i n to  con-' 
t a c t  with t h e  f e r r o u s  hydroxide conve r t ing  it t o  f e r r i c  hydroxide by the means 
c.f a t u rb ine  mixer  and an  a i r  blower. A f t e r  a e r a t i o n  t h e  s l u r r y ,  cons i s t ing  
of n e u t r a l i z e d  mine water and suspended s o l i d s ,  flows by g r a v i t y  i n t o  a t h i c k -  
ene r .  Chemical f l o c c u l a t i n g  agen t s  can b e  added t o  t h i s  s l u r r y  t o  inc rease  ' 
t h e  s e t t l i n g  ra te  of t h e  suspended s o l i d s  and improve t h e  e f f l u e n t  c l a r i t y  i f  
d e s i r e d .  The suspended s o l i d s  i n  t h e  n e u t r a l i z e d  mine water s l u r r y  s e t t l e s  
EO the '*ottom c f  t h e  th i ckene r  whi le  t he  c l e a r  e f f l u e n t  overflows t h e  th i ck -  
ene r  and i s  cons ide red  t r e a t e d  mine water .  The th ickened  s l u r r y  is then 
purped t o  a s o l i d  bowl c e n t r i f u g e  f o r  a d d i t i o n a l  dewatering. The c e n t r a t e ,  
depending on i t s  q u a l i t y ,  may  be cons idered  t r e a t e d  mine water o r ,  i f  r equ i r  
i t  may be  r e t u r n e d  t o  t h e  th i ckene r  f o r  a d d i t i o n a l  process ing .  The cake is 
considered p rocess  waste. 

PILOT PLANT 

Information de r ived  from Phases I and I1 l e d  t o  t h e  hydrau l i c  des ign  of a 50 gal 
lon  p e r  minute p i l o t  p l a n t .  The p i l o t  p l a n t  was e r e c t e d  in a 40 foo t  long van type 
t r a i l e r  t h a t  complied w i t h  t h e  r e g u l a t i o n s  f o r  u s e  on Pennsylvania roads  without spe- 
c i a l  permi ts .  The mobile p i l o t  p l a n t  was e a s i l y  hauled from one s i t e  to  the  next.  
F igure  2 i s  a curb s i d e  view o f  the  t ra i le r  whi le  F igure  3 is a close-up of the p i l o t  
p l a n t .  The flow n f  mine wa te r  through the  p l a n t  i s  from l e f t  t o  r i g h t .  P i l o t  u n i t s  
shown i n  F igure  3 a r e  t h e  a e r a t o r ,  f l o c c u l e n t  mixing tank ,  t h i ckene r ,  s o l i d  bowl cen- 
t r i f u g e ,  and the p i l o t  p l a n t ' s  power source  - a 25 kw d i e s e l  gene ra to r .  

A l abora tory  bench l o c a t e d  i n  the  forward s e c t i o n  provides  a work a r e a  for  p e r -  
forming r o c t i n e  chemical a n a l y s i s ,  s e t t l i n g  tes ts ,  and l e a f  f i l t r a t i o n  tests. 

TEST SITE 

The f i r s t  t es t  s i t e  chosen f o r  f i e l d  ope ra t ions  by the  Coal Research Board and 
t h a t  which forms the  b a s i s  of t h e  m a t e r i a l  r epor t ed  in t h i s  paper is The Bethlehem 
Mines Corpora t ion ,  Marianna Coal Mine No. 58, loca t ed  a t  Marianna i n  Washington Count 
T h i s  i s  an  ope ra t ing  s h a f t  mine i n  which 7000 tons  pe r  day of P i t t s b u r g h  coa l  i s  mint 
The coa l  i s  processed i n  a c l e a n i n g  p l a n t  where 5000 TPD of  c l e a n  c o a l  is produced 
a long  wi th  2000 TPD of r e f u s e .  
pumped t o  the  s u r f a c e  fou r  t i m e s  a day a t  pe r iods  up t o  one hour per pumping. 
i ng  the  su r face  t h e  water flows by g r a v i t y  through a condui t  i n t o  Ten Mile creek. 

Mine water is c o l l e c t e d  i n  sumps wi th in  the  mine and 
React 

The a c i d  mine water processed  i n  the  p i l o t  p l a n t  u a s  obta ined  from the  Marian- 

mi t ten . t  pumping schedule  a 24 f t .  diameter by 4 f t .  i n  he igh t  s to rage  pool was f i l h  
wi th  mine water each  day from t h e  morning pumping t o  se rve  a s  a supply f o r  the dura- 
t i o n  of  t he  p i l o t  run .  The i n f l u e n t  was ob ta ined  by p l ac ing  a hose i n t o  the  s to rage  
pool and punping wi th  a s e l f - p r i m i n g  pump i n t o  t h e  f l a s h  mixer.  
water was metered e i t h e r  by a flowmeter on t h e  d i scha rge  s i d e  of the  feed pump O r  by 

., . mine 50. 58 bore hole  p r i o r  to i t s  flowing i d t o  Ten H i l a  Creek. BecPiise of  the inte? 

The raw a c i d  mine 
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checking t h e  volume per  u n i t  t i m e  o f  th ickener  overf low which accumulated in a 50 g a l .  
head tank a t t a c h e d  t o  the  s i d e  of  t h e  t h i c k e n e r .  
uater was r e t u r n e d  t o  a man h o l e  where i t  was discharged  i n t o  Ten Mile Creek. 
r e s u l t i n g  yellowbow s ludge  was a c c m u l a t e d  i n  20 gal. p a i l s .  
showing t h e  se t -up  a t  t h i s  s i te .  

A f t e r  p r o c e s s i n g ,  t h e  t r e a t e d  mine 
The 

Figure  4 is a photograph 

PILOT PLANT OPERATION 

The p i l o t  p l a n t  opera ted  a t  t h e  W r i a n n a  Mine No. 58 d u r i n g  May and June of 1965. 
The f i r s t  month's o p e r a t i o n  served  as a shakedown p e r i o d  f o r  t h e  p i l o t  p l a n t  and i t s  
o p e r a t i n g  crew. This p e r i o d  showed the i n c o n s i s t e n c y  of  t h e  mine water chemical ana ly-  
sis i n  t h a t  the  i r o n  c o n t e n t  and t h e  a c i d i t y  would f l u c t u a t e  w i t h  each pumping c y c l e .  
The reason  f o r  t h i s  f l u c t u a t i o n ,  was that the  mine water is f i r s t  c o l l e c t e d  i n  sub- 
sumps and is then pumped t o  a main sump where i t  is pumped up t h e  bore  h o l e  and p e r - -  
m i t t e d  t o  flow t o  Ten Mile  Creek. Acid forming c o n d i t i o n s  ( p y r i t e ,  a i r ,  and water )  
v a r i e d  w i t h i n  d i f f e r e n t  areas of  t h e  mine r e s u l t i n g  i n  d i f f e r e n t  s t r e n g t h s  of mine 

) w a t e r .  By u s i n g  t h e  s t o r a g e  pool ,  before  f e e d i n g  t h e  a c i d  mine d r a i n a g e  t o  t h e  p i l o t  
p l a n t ,  the  f l u c t u a t i o n s  were kept  t o  a minimum. 

A Mason "N" hydrated l ime w e  used f o r  the  n e u t r a l i z a t i o n  of  t h e  mine water. The 
>l ime demand of t h e  process  proved t o  be j u s t  about  S t o i c h i o m e t r i c .  

, a  f o u r  d a y  cont inuous t e s t  was conducted. 

\ 

A f t e r  i t  was f e l t  t h a t  t h e  "bugs" had been e l i m i n a t e d  from t h e  p i l o t  p l a n t  u n i t s ,  
This  r u n  was w e l l  monitored wi th  sampling 

and l a b o r a t o r y  a n a l y s i s  be ing  run every t h r e e  hours .  During t h i s  per iod  a c l o s e  obser-  
v a t i o n  v a s  kept  on t h e  v a r i o u s  u n i t  o p e r a t i o n s  of t h e  p i l o t  p l a n t  and necessary  des ign  
d a t a  was recorded ,  

A composite of t h e  raw and t r e a t e d  a c i d  mine water chemical a n a l y s e s  c o l l e c t e d  
d u r i n g  t h i s  cont inuous t e s t  is r e p o r t e d  i n  Table  1. The d a t a  demonstrates  t h a t  the  

'raw a c i d  mine d r a i n a g e  was up-graded from a pH of 2.64 t o  a pH o f  7.6. 
i n  the  water which was 815 ppm was reduced t o  5 .8  ppm. Manganese, s i l i c a ,  and a l u -  
i M  were a l s o  reduced w i t h  t h e  i n c r e a s e  i n  pH. S i l i c a  and alumina had a b e n e f i c i a l  

. $ f f e c t  on sed imenta t ion  i n  t h a t  they form l a r g e  f l o c s  upon r e a c h i n g  t h e i r  s o l u b i l i t y  

The t o t a l  i r o n  

l i m i t  and a i d  t h e  c o a g u l a t i o n  of  the  i r o n  hydroxide.  

'DESIGN WM 

The scaled-up d a t a  used  f o r  the  engineer ing  d e s i g n  was genera ted  dur ing  the shake -  
down per iod  of the  o p e r a t i o n  and confirmed d u r i n g  t h e  cont inuous  t e s t  run.  
u n i t  o p e r a t i o n s  were i n v e s t i g a t e d  and the  f i n d i n g s  a r e  as fo l lows:  

I n d i v i d u a l  4 

F lash  Mixing 

This  i n v e s t i g a t i o n  e n t a i l e d  feeding  a c i d  mine water t o  t h e  f l a s h  mixer a t  d i f f e r e n t  
r a t e s .  
the  n e u t r a l i z e d  mine water 1 6  i t  flowed on i t s  W y  t o  t h e  a e r a t o r .  Detent ion t imes 
between one and seven minu tes  were i n v e s t i g a t e d  a t  a c o n s t a n t  p r o p e l l e r  speed of  
350 rpm. During t h i s  i n v e s t i g a t i o n  i t  was found t h a t  t h e  d e t e n t i o n  time was always 
s u f f i c i e n t  t o  ensure  n e u t r a l i z a t i o n  (pH.7). It should be noted  that t h i s  test was 
made i n  Hag and June and the  ambient temperatures  a t  Marianna were i n  the  neighbor-  
hood o f  80 F. d u r i n g  the  day. A t  c o l d e r  temperaturea longer  d e t e n t i o n  times may 
be r e q u i r e d .  

Hydrated l i m e  was mixed w i t h  t h e  mine water and pH r e a d i n g s  were taken of 

Aera t ion  

f ie  p i l o t  p l a n t  a e r a t o r  proddced 2 SCFM of  a i r  which is t h e  e q u i v a l e n t  of 16.9 g.  
of oxygen per minute .  This: a i r  supply ,  a s s m i n g  100 p e r c e n t  e f f i c i e n c y ,  would 



o x i d i z e  121 grams p e r  minute  of f e r r o u s  ion t o  f e r r i c  ion.  
s a t i s f a c t o r y  ox ida t ion  always was achieved .  

An i n t e n s i f i e d  a e r a t i o n  s t u d y  -8 n o t  conducted e t  Marianna because i t  was d i f f i c u l t  
t o  ma in ta in  a uniform supp ly  o f  f e r r o u s  ion  to  t h e  a e r a t o r  due to  hydro lys i s  I n  t h e  
s t o r a g e  pool.  
t i o n  a t  high through-puts of mine uater. 

Aera t ion  equipment was des igned  from b a s i c  p rocess  d a t a  wi thout  t h e  need of f i e l d  
t e s t i n g .  The informat ion  r equ i r ed  was: 

A t  t h i s  a e r a t i o n  rate 

It was a lso  d i f f i c u l t  t o  supply  hydrated l i m e  to  o b t a i n  neu t r a l i za -  

1)  Volume of water per minute 

2) Oxygen uptake 

3) Depth of aerator 

4)  Desired d isso lved  oxygen level 

A l l  t h i s  in format ion  was c o l l e c t e d  du r ing  t h e  t es t  runs .  

C .  F loccu la t ion  T e s t s  

A bench study was conducted t o  determine f l o c c u l a t i n g  agen t s  t h a t  w i l l  improve the  
c l a r i t y  and se t t l ing  rates o f  t h e  a e r a t o r  overflow dur ing  sed imenta t ion .  
was made by comparing t h e  p h y s i c a l  behavior o f  t h e  suspended s o l i d s  i n  a f r e sh ly  
obta ined  s a m p l e  of a e r a t o r  overflow be fo re  and a f t e r  t h e  a d d i t i o n  o f  a f loccu len t .  

Reported i n  Table 2 a r e  some o f  t he  f avorab le  f l o c c u l e n t s  t e s t e d  and t h e i r  requi red  
dosages t o  produce a clear e f f l u e n t .  Nalco ly te  670 appeared t o  be  t h e  most promi-  
nent f l o c c u l e n t  t e s t e d  from t h e  r e s u l t s  o f  t h e  bench scale tests. However, when 
Nalcoly te  670 was employed i n  actual p i l o t  p l a n t  ope ra t ion  i t  d i d  n o t  perform ade- 

Evaluation 

qua te ly  and Nalcoly te  672  was s u b s t i t u t e d  and produced e x c e l l e n t  results. r 
When a f loccu len t  was used on t h e  cont inuous  tes t  r u n  the  product  water contained 
less than 1.5 ppm o f  i r o n  a s  opposed t o  an average  of 6 ppm I n  the  non-flocculated 
product water,  

I t  was a l s o  d iscovered  d u r i n g  t h e  bench test  t h a t  some f l o c c u l e n t s  are apparent ly  
more pH s e n s i t i v e  than o t h e r s  which impl i e s  t h a t  pH c o n t r o l  of p l a n t  opera t ion  must 
be he ld  t o  p r e c i s e  c o n t r o l  ranges  If e f f e c t i v e  f l o c c u l a t i o n  Is t o  be  maintained. 
I t  should a l s o  be noted t h a t  wh i l e  f l o c c u l e n t s  i n c r e a s e  s e t t l i n g  rates they do not  
n e c e s s a r i l y  i n c r e a s e  t h e  s o l i d  concen t r a t ions  of t h e  th ickener  underflow. Centri-  
fuge and bench f i l t r a t i o n  tests demonstrated t h a t  w i th in  a few hours a f t e r  the f l o c  
had formed and s e t t l e d  i t  appa ren t ly  went stale. The o r i g i n a l  f l o c  formation, when 
d i s t u r b e d  by pumping, w i l l  b r eak  up and n o t  reform a g a i n  to  its o r i g i n a l  well  f l o c -  
c u l a t e d  s t r u c t u r e .  Because of t h i s  e f f e c t  no real a d d i t i o n a l  b e n e f i t s  can  be 
gained from f l o c c u l a t i o n  i n  f u r t h e r  dewater ing  s t e p s .  1 

D. Thickening Tes ts  

Bench scale s e t t l i n g  t es t s  were performed and t h e  r e s u l t s  were checked i n  the p i l o t r  
p l an t  th ickener  du r ing  t h e  8hakrdQW per iod  and continuous run. 
T a b l e  3 are  the  Impor tan t  des ign  cri teria that were determined from these  t e s t s .  

Operation of t h e  p i l o t  t h i ckene r  v a s  designed 80 t h a t  the feed rate t o  t h e  th ick-  
ener would not exceed t h e  u n i t  area o f  89 sq. f t h p e r  ton pe r  day. 
was followed no d i f f i c u l t y  was encountered i n  m a i d ~ i n i n g  over f low c l a r i t y  substan- 
t i a t i n g  the  bench s e t t l i n g  tests. 

Slnmnarized in  
, 

When t h i s  rate 
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. Cent r i fuge  T e s t s  

! 

\ 

I 

\ 

Cent r i fuge  tes t s  wsre conducted u s i n g  t h e  Merco 2-1-L s o l i d  bowl which i s  a n  i n t e -  
g r a l  u n i t  o f  t h e  p i l o t  p l a n t .  
s e t t l e d  th i ckene r  Underflow by way of a p o s i t i v e  d isp lacement  pump. 
was exper ienced  i n  o b t a i n i n g  and m a i n t a i n i n g  a clear c e n t r a t e  i n  t h e  e a r l y  s t a g e s  
of ope ra t ion .  The u n i t  was opera t ed  
a t  s o l i d  bowl speeds  ranging  from 4,620 rpm up to  5,600 rpm w i t h  a s c r o l l  d i f f e r -  
e n t i a l  between 23 and 38 rpm's and  con ta ined  a r i n g  dam w i t h  a d i ame te r  o f  6.5 
i nches .  A r i n g  dam i n f l u e n c e s  t h e  c a p t u r e  and  t h e  dryness  o f  t h e  p roduc t s  from 
t h e  c e n t r i f u g e .  A small i n s i d e  d i ame te r  r i n g  dam causes  t h e  dep th  o f  t h e  l i q u i d  
i n  t h e  bowl t o  i n c r e a s e ,  t hus  improving t h e  c a p t u r e  and i n c r e a s i n g  t h e  cake  mois- 
t u r e .  A l a r g e  i n s i d e  d iameter  r i n g  d e c r e a s e s  t h e  dep th  o f  l i q u i d  i n  t h e  bowl t h u s  
reducing  t h e  c a p t u r e  and d e c r e a s i n g  cake  moi s tu re .  When i t  became a p p a r e n t  t h a t  
t h e  l a r g e r  r i n g  dam was n o t  producing t h e  d e s i r e d  r e s u l t s  a 5.9 i n c h  r i n g  dam was 
i n s e r t e d .  For t h e  f i r s t  few days of o p e r a t i o n  w i t h  t h e  small r i n g  dam and a lower 
bowl speed  no e f f e c t  on t h e  c e n t r a t e  c l a r i t y  was n o t i c e d .  A t  t h i s  t i m e  a f loccu-  
l a t i n g  a g e n t  was added t o  t h e  t h i c k e n e r  underflow while i t  was b e i n g  f e d  t o  t h e  
Z-1-L.  Th i s  immediately c l e a r e d  t h e  c e n t r a t e  and  f o r  a p e r i o d  o f  t i m e  t h e  u n i t  
was opera t ed  wi th  f l o c c u l e n t  un t i l  i t  was d i scove red  t h a t  a f l o c c u l a t i n g  agen t  d i d  
no t  have t o  be added con t inuous ly .  A c l e a r  c e n t r a t e  was a l s o  a t t a i n e d  by "slugging" 
the  c e n t r i f u g e  wi th  a f l o c c u l a t i n g  a g e n t  whenever t h e  centrate became c loudy.  A f t e r  
a good i r o n  hydroxide and gypsum beach had been b u i l t  up w i t h i n  t h e  u n i t  i t  was no 
longer  necessa ry  t o  use  f l o c c u l e n t s  t o  a c h i e v e  good c o n s i s t e n t  c l a r i t y .  

Although t h e  c e n t r i f u g e  cake  c o n s i s t e n t l y  averaged  30 p e r c e n t  s o l i d s  or g r e a t e r  and 
t h e  suspended s o l i d s  recovery  was approximate ly  100 p e r c e n t  t h e  d e s i r e d  f e e d  ra te  t o  
the  u n i t  could  n o t  be achieved .  Power costs a l so  proved t o  be  high. For t h i s  rea- 
son f i l t e r s  were chosen i n  p l a c e  o f  c e n t r i f u g e s  i n  t h e  f i n a l  d e s i g n  o f  t h e  p l a n t .  

Feed s l u r r y  y . 8  pumped t o  t h e  c e n t r i f u g e  from t h e  
D i f f i c u l t y  

The s l u r r y  i s  d e f i n i t e l y  p l a s t i c  i n  na tu re .  

F i l t r a t i o n  T e s t s  

Labora tory  f i l t r a t i o n  tests were conducted on samples o f  t h e  t h i c k e n e r  underf low us-  
i n g  a 0.1 sq .  f t .  t es t  f i l t e r  l e a f  a t  c y c l e s  and c o n d i t i o n s  s lmula t ing  t h o s e  of 
drum and d i s c  f i l t e r s .  For a l l  t h e  tests performed a f i l t e r c l o t h  o f  Nylon 1016 
m a t e r i a l  was used. This i s  a r e l a t i v e l y  t i g h t  c l o t h  and t h e  use  o f  t h i s  c l o t h  has  
proven s u p e r i o r  t o  o t h e r  c l o t h s  i n  a n  earlier l a b o r a t o r y  t e s t i n g  program (Phase 1 
of the  Yellowboy P r o j e c t .  The r e s u l t s  demonst ra ted  t h a t  on ly  a small b e n e f i t  can  
be de r ived  from t h e  f i l t r a t i o n  o f  a t h i c k e n e r  underflow t h a t  had been f l o c c u l a t e d .  

I n  a l l  c a s e s  t e s t e d  a qu ick  drum c y c l e  a p p e a r s  t o  p rov ide  t h e  b e s t  f i l t r a t i o n  re- 
s u l t s .  
t h a t  a good r o l l  d i s c h a r g e  can  be  a t t a i n e d .  

P resen ted  i n  Table 4 are t h e  impor t an t  d e s i g n  d a t a  de r ived  from t h e  f i l t e r  t e s t s  
and used as t h e  b a s i s  f o r  f i l t e r  sca le -up .  

Although t h e  cake  th i ckness  i s  on ly  1 /16  o f  an i n c h ,  t h e  tests demonstrated 

.NT DESIGN 

Design d a t a  genera ted  d u r i n g  t h e  p i l o t  p l a n t  o p e r a t i o n  a t  Marianna has  been used 
a b a s i s  f o r  t h e  sca l e -up  t o  a f u l l - s i z e  a c i d  mine d ra inage  treatment p l a n t .  This 
i t  has  been des igned  t o  t rea t  a flow o f  240,000 g a l l o n s  p e r  day o f  mine wa te r .  

I Presen ted  i n  F igure  5 i s  a schemat ic  diagram o f  t h e  f l o v s h e e t  reconmended fo r  
'sting a l l  t h e  a c i d  mine water from the Marianna Mine No. 58 b o r e  h o l e .  

n s  t o  make i t  a d a p t a b l e  t o  t h i s  l o c a t i o n .  
oon, which is a l r e a d y  i n  e x i s t e n c e ,  p r i o r  to  e n t e r i n g  t h e  t r ea tmen t  p l a n t .  
pose  f o r  t h i s  is a s  folloWS: 

B a s i c a l l y  
f lowshee t  is t h e  same as  t h a t  t e s t e d  i n  t h e  p i l o t  p l a n t  w i t h  a few minor modi f ica-  

The raw mine water is pumped t o  a hold ing  
The 

I 
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FIGURE 5 

FIGURE 6 

AC I D  MINE WATER 
TREATMENT PLANT CAPITAL EXPENDITURES 

Water S torage  and Transpor ta t ion  F a c i l i t i e s  $ 22,800 

Thickener 45,000 

Con t r o l  - F i l t e r  Bu i l d i n g  223,000 
Aeration 6,000 

Sludge Holding 9,500 
Piping and S i t e  Prepara t ion  40,900 

To ta l  C a p i t a l  $347,200 

FIGURE 7 

Amortization (20 y r s  @ 4.0%) 
Labor 
Power 
Chemicals (Line) 
Maintenance 

$25,550 
36,500 
4,700, 

6.500 

$95,250 

r 22,000 

/ I  

Tota l  Annual Costs 



1. A uniform flow will be maintained when pumping from the mine is intermittent. 

2. It is anticipated that scaling will be a problem and shut-downs of the plant 
will be necessary from time to time. 
ing from the mine the lagoon will supply ample storage capacity. 

In order not to interfere with the pump- 

3 .  Hydrolysis will take place resulting in less demand of aeration equipment dur- 
ing the treatment precess. 

The mine water in the holding lagoon flows by gravity to the treatment plant where 
- is neutralized by the addition of milk of lime in a flash mixer and then aerated. 
le slurry then flows to a thickener where the solids settle and the effluent, process 
oduct, flows to Ten Mile Creek. The settled solids are then filtered, with the fil- 
,ate being blended with the raw mine water or depending on quality, can also be re- 
Jrned to Ten Mile Creek. The filter cake (257. solids) is trucked to a nearby site. 
le holding lagoon is cleaned periodically by slurrying the settled solids and processing 

ti  the treatment plant. 

OST EVALUATION 

\ 
tudied and the economics are in favor of continuous treatment of the mine water through 
he thickening-clarification step. 
even days a week. 

Different plans of operating the acid mine drainage treatment plant have been 

The filters are operated only one shift per day for 

The scale-up of the pilot plant data to treat a flow of 240,000 gallons per day 
167 gpm) would require a capital expenditure of $347,200. 
dditional treatment of sludge. Annual costs are $95,250. 
s shown in Figures 6 and 7 .  

This cost is exclusive of 
A breakdown of these costs 

Based on treating 240,000 gallons per day and marketing 5000 tons of clean coal per 
'ay (actually 7000 tons per day of coal is mined; after coal preparation 2000 tons re- 
orts to refuse while 5000 tons is marketed) the annual unit costs are $0.052 per ton of 
$,an coal marketed or $1.09 per 1000 gallons of acid mine water. These costs exclude 
-venditures for additional sludge treatment. 

ONCLUSION 

It is in the scope of this report to preeent the technical feasibility and eco- 
bmic soundness of treating acid mine water at the Bethlehem Mines Corporation, Mari- 
.nna Mine No. 58 by the lime-neutralization process. This investigation has produced 
he following conclusions: 

1, Mine water can be treated to produce a product containing less than 6.ppm of 
iron and a neutral pH without flocculeats. 

With flocculents a prodxt containing less than 2 ppm of iron can be produced 
at a neutral pH at increased costs. 

2 .  

3 ,  Based on data derived from the pilot plant operation, 1000 gals. of  acid mine 
drainage can be treated for $1.09. 
additional sludge processing. 

These costs do no include expenditures for 

4. Scale formation will be an operating problem. 

5. Manganese, alumina, and silica are also removed by lime neutralization result- 
ing in a decrease in total hardness. 

v 
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TABLE 1 

C ~ O S I T E  
CHEMICAL ANALYSES 

of 
R A W  AM, TREATED AMD 

Raw AMD Treated AMD 

PH 2.64 7.6 
Tota l  I ron ,  ppm 815 .O 5.8 
Tota l  Acid i ty ,  ppm a s  H2S04 

, Tota l  A l k a l i n i t y ,  pprn a s  E 0 3  46.0 
4040.0 

TABLE 2 

FLOCCULENTS PRODUCING A CLEAR EFFLUENT 

Flocculen t  Dosage (#/Ton of Dry Sol ids)  

Separan NP 10 
Superf l o c  884 
Superf l o c  C16 
Nalcolyte  8670 
Nalcolyte  1672 

0.6 
1.0 
0.5 
0.4 
0.6 

TABLE 3 

THICKENER DESIGN DATA 

Unit Area, f t2/T/day 
Time i n  Compression, h r s  
Capaci ty ,  B's of S o l i d / f t Z / h r  
Storage,  / / ,s  of Pulp / f t2  
F i n a l  D i l u t i o n ,  % S o l i d s  

89.0 
11.4 

0.93 
192.1 

6 . 7  

TABLE 4 

FILTER DESIGN DATA 

S o l i d s  Loading, i b s  of Dr3 S o I i d s / f t Z / h r  10.4 
Hydraulic Loading, g a l / f t  /hr  14.9 
% S o l i d s  of F i l t e r  Cake 26.2 

' I  


